Preface Overview and Goals
Due to recent advances in wireless technologies such as 3G, Bluetooth, WiFi, to name a few, a pragmatic evolution of the generic mobile ad hoc networks paradigm (so-called opportunistic networks) has emerged. Opportunistic networks are a category of challenged mobile ad hoc networks different from legacy ad hoc networks. In opportunistic networks, unpredictable and unstable topologies, prolonged disconnections, and partitions can occur frequently, leading to a paradigm shift for the design of network services. In such environment, routing is considered as a challenging activity. To our knowledge, there have been very few reference books covering the topic of routing in opportunistic networks. This book aims to provide a comprehensive guide on new ideas and results on this topic. It is anticipated that the book will be a valuable reference for educationists, instructors, researchers, and practitioners in this field.
The book provides a comprehensive guide to selected topics, both ongoing and emerging, in the area of routing in opportunistic networks, using a treatment approach suitable for pedagogical purposes. Consisting of contributions from worldwide well-known and high profile researchers in their respective specialties, selected topics that are covered in this book are related to mobility and routing, social-aware routing, context-based routing, energy-aware routing, incentiveaware routing, stochastic routing, modeling of intermittent connectivity, in both infrastructure and infrastructure-less opportunistic networks.
The book has been prepared keeping in mind that it needs to prove itself to be a valuable resource, dealing with both the important core and the specialized issues in routing in opportunistic networks. We hope that it will be a valuable resource and reference for instructors, researchers, students, engineers, scientists, mangers, and industry practitioners in these fascinating fields. All chapters are integrated in a manner that renders the book as a supplementary reference volume and textbook for use in both undergraduate and graduate courses on routing in opportunistic v networks. Each chapter is of an expository, but also of a scholarly or survey style, on a particular topic within the scope of routing in opportunistic networks.
Organization and Features
The book is organized into 14 chapters, each chapter is written by topical area experts.
Chapter 1 investigates mobility-enabled message dissemination approaches for opportunistic networks. A survey on mobility models, analytical results on motion characteristics, and mobility-based Delay Tolerant Network routing strategies, is presented, showing that analytical mobility properties and abstracted graphic features are significant to the success of some routing protocols.
Chapter 2 In the recent years, a new routing trend based on social similarity emerged where social relationships are used to improve opportunistic routing. This Chapter investigates the different approaches to opportunistic routing, with focus on social-aware approaches, and how they make use of social information derived from opportunistic contacts to improve the data forwarding. A state-of-the-art survey on existing taxonomies for opportunistic routing based on the new social trends, are provided along with a set of experiments in scenarios based on synthetic mobility models and human traces, demonstrating the potential of socialaware routing protocols for opportunistic networks.
Chapter 3 emphasizes the role that context information plays when forwarding decisions are taken in opportunistic networks. Representative context-based routing protocols for OppNets so far proposed in the literature are classified on the basis of context information of users that they exploit, leading to two main classes of routing protocols, namely context-oblivious and context-aware protocols. Context-aware routing protocols are further classified into two subclasses, referred to as partially context-aware and fully context-aware protocols, based on the amount of context information that they use for routing.
Chapter 4 proposes an in-depth analysis of opportunistic relaying efficiency under different realistic radio channel conditions, with focus on finding the optimal tradeoff between energy and latency minimizations as optimization objectives. An optimal bound, so-called the Pareto front of the related optimization problem, is derived, which offers a good insight into the advantages of opportunistic routing compared to classical multi-hop routing schemes.
Chapter 5 provides an analysis of the infrastructure needed for communication in Opportunistic Networks. Representative routing protocols for message passing in order to optimize message several key parameters such as delivery delays, energy consumption, buffer occupancy, bandwidth requirements and throughput, are described in-depth. Important and explicit characteristics of each studied routing protocols along with their areas of application, are also highlighted.
Chapter 6 provides an overview of routing protocols that exploit intermittent communication opportunities for increased data transmission success in mobile ad hoc networks. These protocols are further characterized with respect to three aspects, namely the manner in which each protocol discovers and exploits the intermittent communication opportunities in a mobile environment; the way that each protocol addresses multicast; and the type of real-world applications that are enabled by the use each of the studied opportunistic routing protocols.
Chapter 7 analyzes the connectivity issues in a particular type of opportunistic networks known as vehicular ad hoc networks. It is argued that vehicle-to-vehicle communications may not necessary be the most appropriate interconnection scheme for data delivery in sparse or totally disconnected scenarios, and vehicleto-infrastructure communications may represent a viable solution to bridge the inherent network fragmentation that can exist in multi-hop networks formed over moving vehicles. In this regard, recent related work focusing on vehicular connectivity models, as well as review of hybrid and opportunistic vehicular communication paradigms designed to improve connectivity, are discussed in-depth.
Chapter 8 provides a detailed review of probabilistic schemes for routing in adhoc opportunistic networks, where a handful of most influential such schemes are selected and discussed. A recently proposed simulation framework whose goal is to provide an understanding of how lower layer conditions affect the decision of the probabilistic parameters in probabilistic schemes is also provided.
Chapter 9 examines various mathematical models for the performance evaluation of ad hoc opportunistic routing protocols. A novel analytical model is derived where all consecutive forwarders are in the transmission range of one another. As a proof of concept, the proposed analytical model is shown to minimize the packet retransmissions.
Chapter 10 provides a holistic view of research efforts toward the design and development of transport protocols for delay tolerant networks environments. A state-of-the-art survey of transport protocols for delay tolerant networks is presented. Based on this study, a novel protocol targeted at terrestrial delay tolerant network environments consisting of a large number of highly mobile nodes with random mobility is proposed.
Chapter 11 provides investigates four research areas of opportunistic routing, namely, routing metrics, candidate section, candidate coordination, geographic opportunistic routing, and multicast opportunistic routing. The main research contributions in each of these areas are surveyed, with focus on performance analysis studies as objective. A new DTMC model is introduced to analyze the performance gain that may be achieved when using opportunistic routing. Simulation results are provided to validate the effectiveness of the proposed model.
Chapter 12 introduces the utilizations of social characteristics such as community, centrality, similarity, and friendship, in the design of social-based routing protocols for opportunistic networks. Recent social-based opportunistic routing approaches which use these social characteristics to assist in packet forwarding are presented and qualitatively compared against those characteristics.
Chapter 13 provides a survey of representative routing protocols for infrastructure-less opportunistic networks. These routing protocols are analyzed and qualitatively compared on the basis of their advantages and disadvantages with respect to a variety of parameters, leading to the identification of some critical and explicit characteristics of each protocol along with their areas of application.
Chapter 14 focuses on the requirements for incentive mechanisms in opportunistic networks. Several effective incentive mechanisms for opportunistic networks are discussed, and challenges for future research in this area are investigated and grouped into the following categories: user behavior, using social network information, cross-layer information use, modelling social network behavior, and metrics for analyzing incentive mechanisms.
Below are some of the important features of this book, which, we believe, would make it a valuable resource for our readers:
• This book is designed, in structure and content, with the intention of making the book useful at all learning levels.
• Most of the chapters of the book are authored by prominent academicians, researchers, and practitioners, with solid experience and exposure to research on the area of routing in opportunistic networks. These contributors have been working with in this area for many years and have thorough understanding of the concepts and practical applications.
• The authors of this book are distributed in a large number of countries and most of them are affiliated with institutions of worldwide reputation. This gives this book an international flavor.
• The authors of each chapter have attempted to provide a comprehensive bibliography section, which should greatly help the readers interested further to dig into the aforementioned research area.
• Throughout the chapters of this book, most of the core research topics have been covered, making the book particularly useful for industry practitioners working directly with the practical aspects behind enabling the technologies in the field.
We have attempted to make the different chapters of the book look as much coherent and synchronized as possible. However, it cannot be denied that due to the fact chapters were written by different authors, it was not fully possible to achieve this task. We believe that this is a limitation of most edited books of this kind.
Target Audience
The book is written to primarily target the student community. This includes the students of both senior undergraduate and graduate levels-as well as students having an intermediate level of knowledge of the studied topics, and those having extensive knowledge about many of the topics. To keep up this goal, we have attempted to design the overall structure and content of the book in such a manner that makes it useful at all learning levels. The secondary audience for this book is the research community, in academia or in the industry. We have also taken into consideration the needs to those readers, typically from the industries, who have quest for getting insight into the practical significance of the topics, expecting to discover how the spectrum of knowledge and the ideas are relevant for real-life applications of the 'opportunistic network' paradigm and technologies.
Acknowledgments
We are extremely thankful to the 40 authors of the 14 chapters of this book, who have worked very hard to bring this unique resource forward for helping the students, researchers, and community practitioners. We feel that it is contextual to mention that as the individual chapters of this book are written by different authors, the responsibility of the contents of each of the chapters lies with the concerned authors.
We like to thank Mr. Brett Kurzman, Publishing Editor who worked with us on the project from the beginning, for his professionalism. We also thank Springer and Ms. Rebecca R. Hytowitz (Springer Editorial Assistant), who tirelessly worked with us and helped us in the publication process. 
